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INTRODUCTION

Coronavirus disease (COVID-19) pandemic started to 
spread worldwide in late 2019 and still continues to infect 
and affect our lives today. The COVID-19 disease has high 
infectivity and may lead to fatal respiratory failure, especially 
in vulnerable populations. Effective cure for the disease is still 
in development, and governments of most countries have 
concluded that suppression of disease transmission through 
social distancing is the best viable option. Schools have also 
been affected by social distancing. Students were asked to stay 

Print ISSN 1738-3684 / On-line ISSN 1976-3026
OPEN ACCESS

at home and avoid meeting their peers. School schedules were 
interrupted at first and then were switched to remote learn-
ing through online applications. The South Korean govern-
ment started these policies in March 2020, and presently, 
students switch between remote learning periods and actual 
school attendance (November 2021).

COVID-19 has now been around for more than one and a 
half years. Concerns about the impact of the pandemic on 
adolescents’ sleep and everyday life have already been seen in 
the early stages.1 Studies have noted that the ‘lockdown’ mea-
sures have affected the sleep patterns of youths. Italian re-
searchers found that sleep cycles were significantly delayed 
in all children and adolescents aged 1–18 years. The most sig-
nificant delay was observed in school-aged children.2 Studies 
in the US have also shown that adolescents have shorter sleep 
durations, delayed sleep/wake patterns, and more daytime 
sleepiness as compared to pre-pandemic periods,3 Another 
subject of concern during the pandemic is increased screen 
time. Lockdowns and quarantines are now a part of life and 
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nobody can fully avoid them. Universally, more time is spent 
in front of screens, be it computers, televisions, or smart-
phones,4 A study in China revealed that screentime increased 
from 610 min to 2,340 min per week after the outbreak of the 
pandemic.5 Smartphones have been around for more than 
10 years and have greatly affected our lives. Although smart 
devices are great tools for coping with stress and boredom, 
and even help maintain social contacts, they have potentially 
harmful effects, and caution must be taken while using them.6

They impact sleep in many ways: the bright light suppress-
es melatonin secretion, associated emotional or cognitive ef-
fects result in sleep problems, and messages or alarms may 
directly wake an individual during sleep.7 Screentime has in-
creased greatly during the pandemic, and smartphones play 
a significant role in this trend. Digital devices are not all bad. 
In times of mandatory social distancing, they helped contin-
ue education, provide psychological support, and served as a 
source of entertainment.8,9

The effect of poor sleep on quality of life (QoL) is not novel. 
Decreased sleep quality has been found to induce daytime 
sleepiness, poor academic performance, obesity, and even 
cardio-metabolic problems, and such changes contribute to a 
lower QoL.10 Poor sleep also directly affects the QoL of ado-
lescents alongside fewer physical activities and more seden-
tary behavior, as has been shown in a South Australian study 
on high school students.11

It is clear that the COVID-19 era has had an impact on the 
lives of children and adolescents worldwide, but the actual 
specific changes in life and their secondary influences have 
not yet been concretely discussed. It is important to investi-
gate the type and depth of such impacts to prepare ourselves, 
since “living together with COVID-19” is no longer a distant 
mirage. We hypothesized that the increase in screen time, 
which is caused by excessive smartphone addiction in chil-
dren and adolescents, would affect the quality of sleep, and at 
the same time, decreased the quality of sleep would affect their 
QoL. To provide practical evidence, we collected and ana-
lyzed data regarding the current state of sleep, smartphone 
use, and QoL of Korean adolescents.

METHODS

Participants and procedure
Data was collected from April 1, 2021, to June 30, 2021, us-

ing an online web-based survey system provided by the Gwang-
myeong City Health Center. The survey targeted circa 9,000 
students from all 12 local middle schools in the Gwangmy-
eong area, from which 1,678 students responded. The ques-
tionnaire collected demographic data, including age, sex, and 
clinical data, using various rating scales. QoL was measured 

using the KIDSCREEN-27 health-related quality of life ques-
tionnaire (KIDSCREEN-27), quality of sleep using the Kore-
an version of the Pittsburgh Sleep Quality Index (PSQI-K), 
and smartphone addiction using the Smartphone Addiction 
Self-Diagnosis Scale (S-Scale). For additional sleep data, par-
ticipants were asked to provide their typical bed-time and 
wake-time. The total sleep hours were calculated using this 
information.

All participants and parents provided written informed 
consents. The study was approved by the Institutional Review 
Board of the Korea Medical University (IRB No. 2021GR0455).

Measures

Quality of life
The KIDSCREEN-27 health-related quality of life question-

naire is a shorter version of the KIDSCREEN-52 question-
naire, an instrument for measuring subjective QoL in chil-
dren and adolescents. This is the first questionnaire to be 
developed simultaneously in different countries and tested 
on large samples of various cultural backgrounds.12 Com-
pared to its 52-item version, the KIDSCREEN-27 saves ad-
ministrative costs and burdens to ensure wider use in clinical 
studies, and studies have verified its construct validity.13 The 
questionnaire has five dimensions: physical well-being, psy-
chological well-being, parent relationship and autonomy, so-
cial support and peers, and school environment. Scores range 
from 1 to 5, where higher numbers generally represent better 
QoL, but some questions are calculated in reverse. Scores were 
finally computed and transformed into values with a mean of 
50 and a standard deviation of 10 (T-score) for analysis.14

Quality of sleep
The PSQI is typically used, worldwide, to measure sleep 

quality in the previous months in a self-reporting manner.15 
PSQI-K was standardized and evaluated for reliability and 
validity.16 The questionnaire consists of 18 items and consid-
ers both qualitative and quantitative aspects of sleep. Each 
item is scored from 0 to 3, resulting in a total score of 0 to 21. 
Greater scores are associated with poorer sleep quality, and 
scores higher than or equal to 5 indicate significantly disturbed 
sleep quality, and scores higher or equal to 9 indicate clinical 
levels of sleep disturbance.

Smartphone addiction
The S-Scale is a derivative of the Korean scale for Internet 

addiction (K-scale).17 The K-scale was developed by the Ko-
rea National Information Society Agency to assess Internet 
addiction behaviors,18 The S-Scale is very similar to the K-
scale but concentrates on the use of smartphones rather than 
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generalized Internet use. The scale consists of 15 questions in 
four categories: disturbance of adaptive functions, virtual life 
orientation, withdrawal, and tolerance. Each question was 
scored from 1 to 4, resulting in a total score of 15 to 60. Users 
are divided into three groups: normal users (<42), tentatively 
risky users (42–44), and high-risk users (>44).

Statistical analyses
All statistical analyses were performed using the SPSS soft-

ware version 25 (IBM Corp., Armonk, NY, USA). Pearson’s 
correlation analysis was performed to investigate the correla-
tions between the demographic and clinical variables and 
their impact on the QoL of the participants. Student’s t-tests 
were then performed to compare the means of clinical vari-
ables between male and female students. The significance lev-
el was set at p<0.05. 

RESULTS

Demographic and clinical data
A total of 1,678 participants were initially included in the 

study. Fourteen participants failed to complete all questions 
on the online questionnaire, and 17 participants did not pro-
vide adequate demographic information; thus, 31 participants 
were excluded. A total of 1,647 participants with a mean age 
of 13.83±0.95 years were included in the final analysis; of them, 
784 (47.60%) were male and 863 (52.40%) were female.

The mean total KIDSCREEN scores for all participants 
were 96.17±14.92. Scores for component dimensions were as 
follows: physical well-being, 15.10±1.61; psychological well-
being, 25.80±4.87; parent relationship & autonomy, 26.01± 
5.50; social support & peer, 14.66±3.55; and school environ-
ment, 14.60±3.18. 

The mean PSQI-K scores were 6.09±3.01. A total of 486 
(29.51%) participants had PSQI scores of 4 or lower, indicat-
ing no sleep disturbance. A total of 852 (51.73%) participants 
had scores between 5 and 8, showing significantly disturbed 
sleep quality, and 309 (18.76%) participants had scores of 9 or 
higher, indicating clinical levels of sleep disturbances. 

The mean S-Scale scores were 30.33±6.97. A total of 1,574 
(95.57%) participants had scores of 41 or lower, indicating 
normal smartphone usage, 45 (2.73%) participants had scores 
between 42 and 44, showing tentatively risky smartphone us-
age, and 28 (1.70%) participants had scores of 45 or higher, 
indicating high-risk smartphone usage.

The average bed-time for participants was 00:13 (h:min), 
and the average wake-time was 07:42 (h:min), resulting in an 
average total sleep of 7.49±1.44 hours. Further details are pre-
sented in Table 1.

Pearson’s correlation analysis
Total KIDSCREEN-27 scores were negatively correlated 

with PSQI-K scores (r=-0.40**), S-Scale scores (r=-0.42**), 
and bedtime (r=-0.15**), and positively correlated with total 
sleep hours (r=0.13**) (r, correlation coefficient; *p<0.05, 
**p<0.01). The five subdimensions also showed similar re-
sults. Physical well-being scores were negatively correlated 
with PSQI-K scores (r=-0.15**), S-Scale scores (r=-0.16**), 
age (r=-0.07**), and bedtime (r=-0.08**), and positively cor-
related with total sleep hours (r=0.07**). Psychological well-
being scores were negatively correlated with PSQI-K scores 
(r=-0.43**), S-Scale scores (r=-0.41**), age (r=-0.07**), and 
bedtime (r=-0.21**), and positively correlated with total sleep 
hours (r=0.21**). Parent relationship and autonomy scores 
were negatively correlated with PSQI-K (r=-0.32**), S-Scale 
(r=-0.36**), and bedtime (r=-0.11**), and positively correlat-

Table 1. Demographic and clinical data of participants (N=1,647)

Variable Value
Sex

Male    784 (47.60)
Female    863 (52.40)

Age (yr) 13.83±0.95
KIDSCREEN-27 (raw scores)

Total 96.17±14.92
Physical well-being 15.10±1.61
Psychological well-being 25.80±4.87
Parent relationship & autonomy 26.01±5.50
Social support & peers 14.66±3.55
School environment 14.60±3.18

PSQI-K
Mean scores 6.09±3.01
Participants with scores ≤4    486 (29.51)
Participants with scores 5–8    852 (51.73)
Participants with scores ≥9    309 (18.76)

S-Scale
Mean scores 30.33±6.97
Participants with scores ≤41 1,574 (95.57)
Participants with scores 42–44    45 (2.73)
Participants with scores ≥45    28 (1.70)

Sleep
Total sleep hours 7.49±1.44
Bed-time (h:m±hr) 00:13±1.34 
Wake-time (h:m±hr) 07:42±0.94

Values are presented as number (%) or mean±standard deviation. 
KIDSCREEN-27, KIDSCREEN-27 health-related quality of life 
questionnaire; PSQI-K, Korean version of the Pittsburgh Sleep Qual-
ity Index; S-Scale, Smartphone Addiction Self-Diagnosis Scale
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ed with total sleep hours (r=0.10**). Social support and peer 
scores were negatively correlated with the PSQI-K (r=-0.23**) 
and S-Scale scores (r=-0.26**). School environment scores were 
negatively correlated with PSQI-K scores (r=-0.32**), S-Scale 
scores (r=-0.36**), age (r=-0.06*), and bedtime (r=-0.12**), 
and positively correlated with total sleep hours (r=0.09**). 
The PSQI-K scores were negatively correlated with total sleep 
hours (r=-0.36**) and positively correlated with S-Scale scores 
(r=0.34**) and bedtime (r=0.36**). The S-Scale scores were 
negatively correlated with total sleep hours (r=-0.15**) and 
positively correlated with age (r=0.08**), bedtime (r=0.20**), 
and wake time (r=0.05*). Further details of the correlation 
analysis are presented in Table 2.

t-test analysis
Female students showed significantly lower total KID-

SCREEN-27 scores than male students. All component scores 
were also lower for female students, but parent relationship 
and autonomy scores did not show statistically significant dif-
ferences between male and female students. Female students 
also showed significantly higher PSQI-K and S-Scale scores 
than male students. They also reported significantly later bed-
time, earlier wake-times, and shorter total sleep hours. The 
details are listed in Table 3.

DISCUSSION

The COVID-19 era involves social distancing, lockdowns, 
and quarantines. Students were stripped off of their right to 
go to school, and remote learning became the new standard, 
worldwide. Staying at home led to changes in everyday life-
style. As previous studies have already suggested, adolescents 
had delayed sleep patterns and greatly increased screentime 
as compared to pre-pandemic times. Although children and 
adolescents were largely unaffected in terms of mortality in 
COVID-19, such changes heavily affected their subjective 
QoL. Notably, this change was not one-sided. Many families 
were forced to reinvent their ways of spending time, staying at 
home together, or doing activities in the open outdoors, since 
indoor facilities were mostly closed. Online schooling led par-
ents to play the role of a home teacher. These changes led to 
positive experiences for certain children and families.19 In 
fact, a Canadian study revealed that many children and ado-
lescents showed deteriorations in various mental health do-
mains, but large groups experienced improvements in at least 
one domain.20 Our current knowledge indicates that strict 
quarantine measures and vulnerabilities such as pre-existing 
psychiatric disorders result in a more negative QoL.21,22 It is 
therefore important to identify groups that are at a higher risk 
of mental health deterioration to prepare for later interven- Ta

bl
e 

2.
 C

or
re

la
tio

n 
an

al
ys

is
 o

f c
lin

ic
al

 v
ar

ia
bl

es
 (c

or
re

la
tio

n 
co

ef
fic

ie
nt

s)

Ph
ys

ic
al

 
w

ell
-b

ei
ng

Ps
yc

ho
lo

gi
ca

l 
w

ell
-b

ei
ng

So
ci

al
 su

pp
or

t 
&

 p
ee

rs
Pa

re
nt

 re
lat

io
ns

hi
p 

&
 au

to
no

m
y

Sc
ho

ol
 

en
vi

ro
nm

en
t

A
ge

PS
Q

I-
K

S-
Sc

al
e

To
ta

l s
lee

p 
ho

ur
s

Be
d-

tim
e

W
ak

e-
tim

e
K

ID
SC

RE
EN

-2
7 

(to
ta

l)
0.

35
**

0.
85

**
0.

78
**

0.
86

**
0.

85
**

-0
.0

5
-0

.4
0 *

*
-0

.4
2 *

*
0.

13
**

-0
.1

5 *
*

-0
.0

3
Ph

ys
ic

al
 w

ell
-b

ei
ng

0.
26

**
0.

19
**

0.
18

**
0.

21
**

-0
.0

7 *
*

-0
.1

5 *
*

-0
.1

6 *
*

0.
07

**
-0

.0
8 *

*
-0

.0
1

Ps
yc

ho
lo

gi
ca

l w
ell

-b
ei

ng
0.

54
**

0.
61

**
0.

65
**

-0
.0

7 *
*

-0
.4

3 *
*

-0
.4

1 *
*

0.
21

**
-0

.2
1 *

*
-0

.0
3

So
ci

al
 su

pp
or

t &
 p

ee
rs

0.
56

**
0.

66
**

-0
.0

3
-0

.2
3 *

*
-0

.2
6 *

*
0.

01
-0

.0
2

-0
.0

2
Pa

re
nt

 re
lat

io
ns

hi
p 

&
 

  a
ut

on
om

y
0.

67
**

0.
01

-0
.3

2 *
*

-0
.3

6 *
*

0.
10

**
-0

.1
1 *

*
-0

.0
1

Sc
ho

ol
 en

vi
ro

nm
en

t
-0

.0
6 *

-0
.3

2 *
*

-0
.3

6 *
*

0.
09

**
-0

.1
2 *

*
-0

.0
4

A
ge

-0
.0

1
0.

08
**

-0
.1

2 *
*

0.
23

**
0.

14
**

PS
Q

I-
K

0.
34

**
-0

.3
6 *

*
0.

36
**

-0
.0

3
S-

Sc
al

e
-0

.1
5 *

*
0.

20
**

0.
05

*
To

ta
l s

lee
p 

ho
ur

s
-0

.7
7 *

*
0.

43
**

Be
d-

tim
e

0.
24

**
*p

<0
.0

5;
 **

p<
0.

01
. K

ID
SC

RE
EN

-2
7,

 K
ID

SC
RE

EN
-2

7 
he

alt
h-

re
lat

ed
 q

ua
lit

y 
of

 li
fe

 q
ue

sti
on

na
ire

; P
SQ

I-
K

, K
or

ea
n 

ve
rs

io
n 

of
 th

e P
itt

sb
ur

gh
 S

lee
p 

Q
ua

lit
y 

In
de

x;
 S

-S
ca

le,
 S

m
ar

tp
ho

ne
 A

dd
ic

-
tio

n 
Se

lf-
D

ia
gn

os
is 

Sc
al

e



726  Psychiatry Investig  2022;19(9):722-728

Smarhtphone Usage and Sleep Quality During COVID-19

tions. Various nationwide studies have shown that children 
and adolescents reported lower QoL during the pandemic, 
indicating that they are candidates for such vulnerabilities.23-25 
Our study targeted Korean middle school students and indi-
cated that lower KIDSCREEN-27 scores, and lower QoL were 
associated with lower quality of sleep, more smartphone use, 
less total sleep hours, and later bedtime. Heavy smartphone 
use was also directly associated with poor sleep quality and 
delayed sleep patterns.

QoL was most heavily impacted by quality of sleep and 
smartphone use (r=-0.40, -0.42, respectively), and less by 
sleep hours and bedtime (r=0.13, -0.15, respectively). Al-
though all subdimensions of KIDSCREEN-27 were affected, 
the greatest impact of sleep and smartphone use was on psy-
chological well-being, and the least impact was on physical 
well-being. This confirms again that COVID-19 pandemic 
does not only threaten the physical health but also overtly af-
fects the mental health of children and adolescents. It is also 
concerning that school environment, parent relationship, and 
social support are also impacted much heavier than physical 
well-being. It is an egg and chicken paradox, but the cut-down 
social life quality of adolescents (including school and fami-
ly) could be either due to or the reason for poorer sleep and 
more smartphone use.

Our results indicated that students with lower sleep quality 
also reported lower QoL. It is a worldwide phenomenon that 
youths have shown deteriorated sleep patterns after the pan-
demic, but our concern is that many participants reported 

high levels of sleep disturbance. In fact, 70.45% of participants 
had scores of 5 or higher, indicating a significant disturbance 
of sleep, and 18.75% had scores of 9 or higher, being recom-
mended to seek a sleep professional as soon as possible. Pre-
vious studies have already confirmed that adolescent sleep 
patterns worsened during the pandemic,26-28 and one of the 
possible contributing factors might be increased screentime. 

Our results showed that higher S-Scale scores were associ-
ated with lower sleep quality and delayed sleep phases. High 
S-Scale scores mean that the individual has a hard time being 
abstinent from a smartphone, resulting in a longer screentime 
and problematic daily life due to such behavior. As a matter 
of fact, media use was identified as a major tool to cope with 
stress and mood problems.29 Our results also showed that more 
smartphone use was associated with slightly higher psycho-
logical well-being scores of KIDSCREEN-27, possibly due to 
such stress-relieving roles. Nevertheless, we must not avoid 
the problems that smartphones accompany. Increased screen-
time and smartphone use are not only associated with health 
hazards such as obesity, hypertension, myopia, and diabetes, 
but also with psychological problems such as depression or 
sleep problems.30 The increased use of digital devices during 
the pandemic led to corresponding growths of such problems 
worldwide, and experts are addressing that this trend is still 
ongoing.31-33 Problems associated with excessive smartphone 
use were not an unknown menace, but the pandemic hit the 
world hard and quick, countermeasures had to be deployed 
on par, and now it seems like we are facing the consequences 
of such rapid and unprepared changes.

This study also revealed that girls reported poorer QoL, sleep 
quality, and riskier smartphone use habits than boys. The 
general literature states that girls have higher levels and prev-
alence of depression, anxiety, and sleep problems;34,35 possibly, 
girls were more heavily impacted by social distancing mea-
sures than boys. Recent studies on the influence of the pan-
demic on mental health report that women are at an especial-
ly high risk for developing mental health issues, although it 
has to be mentioned that the paper only concerned women of 
fertile age spectrums.36 A systematic review on the impact of 
COVID-19 on mental health indicated that female gender is 
indeed a risk factor for higher psychiatric symptoms and low-
er psychological well-being in the general population.37 Ca-
nadian researchers also reported that girls had more pro-
nounced effects on academy and social life than boys. They 
also suggested that females use social media more frequently 
as a coping mechanism for stress than males.38 These results 
are in line with ours, proposing social media use as a possible 
variable that hides behind the link between smartphone use 
and QoL.

An additional factor that may mediate the effects of the pan-

Table 3. t-test comparisons of clinical variables between male and 
female participants

Male Female p-value
KIDSCREEN (t-scores)

Total 50.84±9.78 49.24±10.14 <0.01
Physical well-being 50.58±10.02 49.46±9.97 <0.05
Psychological well-being 51.52±9.53 48.62±10.22 <0.01
Parent relationship & 
  autonomy

50.02±9.79 49.99±10.21 0.96

Social support & peers 50.62±9.82 49.51±10.11 <0.05
School environment 50.66±9.98 49.43±9.98 <0.05

PSQI-K 5.64±2.74 6.50±3.18 <0.01
S-Scale 29.89±6.86 30.74±7.05 <0.05
Sleep

Total sleep hours 7.76±1.41 7.24±1.42 <0.01
Bed-time (h:m±hr) 00:00±1.33 00:24±1.33 <0.01
Wake-time (h:m±hr) 07:46±0.86 07:38±1.00 <0.01

Values are presented as mean±standard deviation. KIDSCREEN-27, 
KIDSCREEN-27 health-related quality of life questionnaire; PSQI-
K, Korean version of the Pittsburgh Sleep Quality Index; S-Scale, 
Smartphone Addiction Self-Diagnosis Scale
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demic on smartphone use is socioeconomic status (SES). Al-
though related data were not gathered in this study, high SES 
has been known to be generally protective of the burdens im-
bued by the pandemic on children and adolescents.39 Popula-
tions with low SES are considered high-risk groups for several 
reasons. First, economic pressure hits the family budget hard-
er, leading to less healthy family interactions. Second, there 
are disparities regarding the availability of appropriate gear 
and internet connections for home schooling or diverse lei-
sure activities.40 The latter leads to a greater gap in education 
levels, and technological access turning education from the 
right to a privilege is becoming a major problem.41 Even be-
fore the pandemic, low SES was associated with more prob-
lematic smartphone use in Korea.42 Possibly, parents with low-
er SES spend more time at work, leaving their children in a 
less supervised environment for using smartphones, a ten-
dency that might have worsened during the pandemic. Con-
sidering our results, adolescents with lower SES might have 
suffered harder drops in sleep quality and QoL due to the in-
crease in smartphone usage.

There are several limitations to our study. First, due to its 
cross-sectional design, data before the onset of the pandemic 
were not available. Baseline data on QoL or sleep quality could 
have led to a more detailed analysis of the effect of social dis-
tancing on clinical variables. Second, difficult and time-con-
suming questions were not used for this online survey. Al-
though, social distancing guidelines made it near impossible, 
offline questionnaires with supervisors would have allowed 
for more diverse information to be collected, and less partici-
pants would have been excluded due to wrongly answered 
questions. Third, all participants were middle school students 
from a particular area. Although the participant numbers were 
large, the whole group had similar ages and lived in the same 
region, which may limit the generalization of the study re-
sults. Fourth, only 1,678 students out of circa 9,000 respond-
ed to the original questionnaire. Since its design was an online 
questionnaire, respondents might have been closer to smart-
phones than non-respondents, resulting in biased S-Scale scores. 
Fifth, our original questionnaire did not include clinical rat-
ing scales on depression or anxiety. It is possible that psychiat-
ric disorders might have contributed to altered sleep patterns 
or smartphone using patterns which could have affected our 
results. Nevertheless, our study on a large homogeneous group 
during this pandemic is important for understanding the 
risks for the mental health of adolescents. 

In conclusion, the COVID-19 era is not yet a part of histo-
ry; it is an ongoing event that seems to have no proper finale. 
The current increase in smartphone usage and the associated 
drop in sleep quality and QoL will continue, if not worsen. Sit-
ting still and hoping for a natural reversal is no longer an op-

tion. Our results showed that adolescents, especially girls, are 
at increased risk for various mental health issues that are as-
sociated with poor sleep and smartphone addiction. We ad-
vise that proper administrative preparations should be taken 
for appropriate interventions on mental health problems that 
might emerge in the future.
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